DUAL GATE OXTOE fflGH-VOLTAGE SEMICONDUCTOR DEVICE 
AND METHOD FOR FORMING THE SAME 


Background of the Invention 

L Field of the Invention 

The present invention generally relates to a dual gate oxide high-voltage 
semiconductor (SOI) device. More particularly, the present invention relates to a 
high-voltage semiconductor device, such as a lateral MOSFET or a diode, having 
two gate oxides for optimizing breakdown voltage and specific-on-resistance, 

2. Background Art 

In fabricating high-voltage power devices, tradeoffs and compromises 
must often be made in areas such as breakdown voltage, specific-on resistance, 
size, conduction losses, manufacturing simplicity, and reUability. Frequently 
improvement of one characteristic such as breakdown voltage can lead to 
degradation in another such as specific-on-resistance. For example, to reduce the 
specific-on-resistance of a device, siUcon doping is often increased. However, an 
increase in doping causes an increase in a magnitude of the electric field, which 
degrades the breakdown voltage of the device. Thus, the specific-on-resistance 
and breakdown voltage can be competing concems. 

Heretofore, several attempts have been made to improve the basic SOI 
structure. U.S. Patent Nos, 5,246,870 and 5,300,448, both commonly assigned 
with the present appUcation and herein incorporated by reference, attempt to 
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improve breakdown voltage by providing a linear doping profile in the drift 
region. Specifically, these SOI devices include a drift region positioned between 
a body region and a drain region. The drift region is provided with various 
features such as a thinned portion and a linear lateral doping intensity profile in an 
attempt to provide increased breakdown voltage. However, to maintain high 
breakdown voltage, the total amount of conduction charge near the source side of 
the drift region must be kept very small. This often leads to bottlenecking for 
current flow, and preventing optimum reduction in conduction losses. 

Anotiier improvement over the basic SOI structures is shown in U.S. 
Patent Nos. 5,969,387 and 6,221,737, both commonly assigned with the present 
application and herein incorporated by reference. These references disclose a SOI 
device (and method for forming the same) having a graded top oxide and drift 
region in an attempt to yield a better tradeoff between breakdown voltage and 
saturation current. However, the formation of the graded top oxide and drift 
region of these references reUes upon a two-dimensional oxidation process in 
which an oxidation mask is pattemed with a series of sequential openings. 

In view of the foregoing, a need exists for a high-voltage SOI device in 
which both breakdown voltage and specific on-resistance can be optimized. A 
fiirther need exists for a high-voltage SOI device having a dual gate oxide so that 
doping in the siUcon can be increased without increasing the magnitude of the 
vertical electric field. 


Summary of the Invention 

The present invention overcomes the drawbacks associated with other 
devices by providing a dual gate high-voltage semiconductor device. The dual 
gate oxide of the present invention allows the figures of merit for a high-voltage 
device (i.e., breakdown voltage and specific-on-resistance) to be improved. 
Specifically, the device of the present invention includes a semiconductor 
substrate, a buried oxide layer over the substrate, a silicon layer over the buried 
oxide layer, a first gate oxide over the silicon layer adjacent a top oxide layer, and 
a second gate oxide over the first gate oxide. By forming the second gate oxide, 
the doping in the drift region of the silicon layer can be increased without 
increasing the magnitude of the vertical electric field. This allows the specific- 
on-resistance of the device to be reduced without degrading the breakdown 
voltage. 

According to a first aspect of the present invention, a dual gate oxide high- 
voltage semiconductor device is provided. The device comprises: (1) a buried 
oxide layer formed over a semiconductor substrate; (2) a silicon layer formed over 
the buried oxide layer; (3) a top oxide layer formed over the silicon layer; (4) a 
first gate oxide formed over the silicon layer adjacent the top oxide layer; and 
(5) a second gate oxide formed over a portion of the first gate oxide. 

According to a second aspect of the present invention, a dual gate oxide 
high-voltage semiconductor device is provided. The device comprises: (1) a 
buried oxide layer formed over a semiconductor substrate; (2) a silicon layer 
formed over the buried oxide layer, wherein the silicon layer comprises a source 


region, a body region, a drift region, and a drain region; (3) a top oxide layer 
formed over the silicon layer; (4) a first gate oxide formed over the siHcon layer 
adjacent the top oxide layer; and (5) a second gate oxide formed over a portion of 
the first gate oxide between the top oxide layer and the body region. 

According to a third aspect of the present invention, a method for forming 
a dual gate oxide high-voltage semiconductor device is provided. The method 
comprises: (1) forming a buried oxide layer over a semiconductor substrate; (2) 
forming a silicon layer over the buried oxide layer; (3) forming a top oxide layer 
over the silicon layer; (4) forming a first gate oxide adjacent the top oxide layer 
over the siUcon layer; and (5) forming a second gate oxide over the first gate 
oxide. 

Therefore, the present invention provides a dual gate high-voltage 
semiconductor device and method for forming the same. 

Brief Description of the Drawings 

These and other features of this invention will be more readily understood 
fi-om the following detailed description of the various aspects of the invention 
taken in conjunction with the accompanying drawings in which: 

Fig. 1 depicts related art semiconductor device. 

Fig. 2 depicts an enlarged view of the device of Fig. L 

Fig. 3 depicts an enlarged view of a semiconductor device having a dual 
gate oxide, according to the present invention. 


The drawings are merely schematic representations, not intended to 
portray specific parameters of the invention. The drawings are intended to depict 
only typical embodiments of the invention, and therefore should not be considered 
as limiting the scope of the invention. In the drawings, hke numbering represents 
like elements. 

Detailed Description of the Invention 

In general, the present invention provides a dual gate oxide high-voltage 
semiconductor device. Specifically, a high-voltage device, such as a lateral 
MOSFET, constructed according to the present invention is provided with a dual 
gate oxide so that tiie breakdown voltage can be increased while the specific-on- 
resistance of the device can be decreased. 

Referring now to Fig. 1, a related art high-voltage semiconductor device 
10 is shown. As shown, silicon (SOI) layer 16 is formed over siUcon substrate 12 
with buried oxide layer 14 interposed therebetween. SiUcon layer 16 is doped as 
known in the art by providing a mask (e.g., a patterned photoresist layer) on 
siHcon layer 16 and implanting ions, as described in detail in U.S. Patent No. 5, 
300,448. Top or thermal oxide layer 30 is formed using a standard Local 
Oxidation of Silicon (LOCOS) technique. This involves growing a pad oxide 
layer on silicon layer 16 and then depositing a silicon nitride layer on the pad 
oxide layer. Top oxide layer 30 is then grown to appear as shown. The resulting 
silicon layer 16 has a thinned lightly doped drain or drift region 1 8 below top 
oxide layer 30. 


Once top oxide layer 30 is formed, gate oxide 44 is grown and field plate 
42 is deposited. Once field plate 42 has been deposited, N+ source region 22 and 
N+ drain region 24 are formed along with P+ source region 20 and channel or 
body region 26. As fiirther shown in Fig. 1, plate oxide layer 32, source contact 
34, gate contact 36, and drain contact 38 could then be formed followed by nitride 
layer 40. 

As depicted, device 10 on Fig. 1 includes a single gate oxide 44. Such a 
device fails to optimize breakdown voltage and specific-on-resistance. Li 
p^cular, because breakdown voltage and specific-on-resistance are generally 
competing concems, improvement of one often harms the other. Under the 
present invention, an additional gate oxide is formed to allow breakdown voltage 
to be increased while specific-on-resistance is decreased. Referring to Fig. 2, an 
enlarged view of device 10 is shown. Under the present invention, device 10 is 
modified to provide an additional gate oxide on top of existing gate oxide 44 in 
region 50. The additional gate oxide is positioned between top oxide layer 30 and 
body region 26. 

Referring to Fig. 3, a device 100 according to the present invention is 
shown. Device 100 is a high-voltage semiconductor device such as a lateral MOS 
transistor and generally includes, among other things: (1) substrate 102; (2) buried 
oxide layer 104; (3) silicon layer 106 having P+ source region 108, N+ source 
region 1 10, N+ drain region (not shown), channel or body region 132, and drain 
or drift region 1 12; (4) top oxide layer 1 14; (5) field plate 116; (6) plate oxide 
layer 118; (7) source contact 120; (8) gate and drain contacts (not shown) and (9) 


nitride layer 122. Unlike previous devices, however, device 100 includes a 
second gate oxide 126 over first gate oxide 124. 

Device 100 is constructed by forming silicon layer 106 over buried oxide 
layer 104, which is formed over semiconductor substrate 102. Silicon layer 106 is 
doped by providing a mask and then implanting ions, as known in the art. The 
specific doping profile of sihcon layer 106 is not intended to be a limiting part of 
the invention. Top oxide layer 1 14 is formed over silicon layer 106. 

First gate oxide 124 is formed after top oxide layer 1 14 is grown, adjacent 
edge 128. This is typically accomplished by stripping any materials adjacent edge 
128 after top oxide layer 1 14 is formed. Once stripping is complete, first gate 
oxide 124 is grown on the "stripped" surface. First gate oxide 124 generally 
extends fi-om edge 128 to N+ source region 110 (i.e., to form a MOS inversion 
channel). Second gate oxide 126 is then formed over first gate oxide 124 in gate 
region 130. In one embodiment, second gate oxide 126 is formed using a LOCOS 
process as described above. Specifically, a silicon nitride mask is deposited over 
first gate oxide 124 and second gate oxide 126 is grown. As depicted, second 
gate oxide 126 is positioned between top oxide 114 and body region 132 (i.e., 
over an accumulation channel region). Once second gate oxide 126 has been 
formed, the remainder of the device 100 (e.g., field plate 1 16, plate oxide 118, 
contact 120, nitride layer 122) can be formed using known procedures. 

By providing device 100 with a dual gate oxide, the competing concems 
of breakdown voltage and specific-on-resistance are optimized. Specifically, 
breakdown voltage is increased while specific-on-resistance is decreased. In 


general, to reduce the specific-on-resistance, the doping in silicon layer 106 
should be increased. However, as indicated above, increasing the doping in 
previous devices causes an increase in the magnitude of the vertical electric field, 
which harms the breakdown voltage. Under the present invention, second gate 
oxide 126 allows the doping in silicon layer 106 to be increased while not 
elevating the vertical electric field. Specifically, since the total applied voltage is 
supported across the both the depleted silicon and the gate oxide, a dual or thicker 
gate oxide will reduce the magnitude of the vertical electric field in the silicon 
layer 106 for a given apphed bias. Since the magnitude of the vertical electric 
field in the sihcon layer 106 is directly proportional to the doping in the siHcon 
layer 106, second gate oxide 126 results in an increase in the maximum allowable 
charge (i.e., breakdown voltage) in the silicon layer 106 directly beneath the 
second gate oxide 126 (i.e., drift region 1 12). Thus, the present invention allows 
specific-on-resistance to be reduced while still allowing for maximum charge to 
be placed in drift region 112, consistent with conventional multi-depletion 
Reduced Surface Electric Field (RESURF) design criteria. 

Under the present invention, first gate oxide 124 has a thickness of about 
300-600A and a length of approximately 2-4|Lim. Second gate oxide 126 has a 
thickness of about 900-1200A and a length of approximately l-2|am. For a 
1200A thick second gate oxide 126, the maximum allowable charge (i.e., 
breakdown voltage) for device 100 increases fi-om approximately le^^cm'^ to 
approximately 2e^^cm"^. Moreover, the minimum charge in the drift region 112 
can be increased by a factor of two, resulting in substantial reduction in specific- 
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on-resistance. For example, the increased value of charge is accompanied by 
approximately a 30% decrease in specific-on-resistance and a 55% increase in 
high-side saturated current flow in a 550V device structure. The decrease in on- 
resistance and the increase in high-side saturated current flow also result in an 
identical scaling of the total device size, dependent on whether the size is 
determined by total desired on-resistance or total maximum high-side current. 

The foregoing description of the preferred embodiments of this invention 
has been presented for purposes of illustration and description. It is not intended 
to be exhaustive or to limit the invention to the precise form disclosed, and 
obviously, many modifications and variations are possible. Such modifications 
and variations that may be apparent to a person skilled in the art are intended to be 
included within the scope of this invention as defined by the accompanying 
claims. Accordingly, it should be understood that the precise structure of device 
100, ottier than having a dual gate oxide, is not intended to be a limiting feature of 
the present invention. For example, top oxide layer 1 14 need not be stepped as 
shown in Figs. 1-3, rather top oxide layer 1 14 could be shaped as shown in U.S. 
Patent No. 5,246,870. 


